High elevation, low relief regions are recognised across the northwest Himalaya, including the Ladakh and Kohistan areas. A homogeneity of uplift and cooling histories across these large spatial (>360 km) and temporal (>35 million years) scales would be remarkable. Here we examine the thermal evolution of the Ladakh Batholith, northwest India since the early Tertiary using a combination of amphibole geobarometry and apatite and zircon low temperature thermochronometry data to investigate the spatio-temporal progression of emplacement, uplift and exhumation. The emplacement depth varies with distance north of the Indus River and suggests that the southern part of the batholith (< 10 km from the Indus River) had more overlying rocks removed (~3-5 km more) compared to the northern edge. Compiled low temperature thermochronometry data from elevations >3200 m above mean sea level indicate significant exhumation of the southern margin of the Ladakh Batholith in the Oligocene (> 26 Ma) while exhumation of the northern margin occurred later in the Mid to Late Miocene (<17 Ma). Topography across the batholith was asymmetric throughout the Oligocene and Miocene and potentially only since the Pliocene has the current amplitude and wavelength been established. This extensive dataset from across the Ladakh Batholith does not support a generalised regional model of early rapid exhumation post IndiaEurasia collision followed by steady and slow denudation to the present.
Introduction
Understanding the rise of plateau such as the Tibetan or Colorado plateaux has generated much research using a broad spectrum of techniques yet their origins remain elusive. In a recent study it was proposed that high-elevation, low-relief areas in the northwest Himalaya, from Kohistan in the west to the Karakoram fault in the east, are dismembered parts of the Tibetan Plateau which underwent a single, spatially uniform phase of surface uplift and denudation in the Eocene (50-40 Myr) with slow steady cooling since that time ). Across such a large geographic area the potential for significant temporal and spatial heterogeneity in uplift and denudation is great, yet limited selected low temperature thermochronometer studies suggest otherwise (de Sigoyer et al., 2000; van der Beek et al., 2009 ). Here we combine high temperature Al-in-hornblende pressure data with extensive, published low temperature thermochronometry (fission track and (U-Th)/He) data (Kirstein et al., 2009 ) to develop a model of the thermal evolution of part of the Transhimalayan Batholith, the Ladakh Batholith since emplacement in CretaceousPalaeogene times.
The Transhimalayan Batholith lies in the south and west parts of the Tibetan Plateau and is the remains of an Andean-type arc that extends for ~2500 km from Afghanistan in the west to Bhutan in the east (Fig. 1 ). This Cretaceous-Palaeogene (110-40 Ma) magmatic arc system formed by subduction of the Neotethys Ocean along the southern margin of Eurasia (Schärer et al., 1984) , and today lies 100-200 km north of the High Himalaya. The Transhimalayan Batholith is exposed at elevations > 3200 m above mean sea level.
Emplacement of the batholith in Ladakh may have resulted from two distinct phases of plutonism in the Cretaceous (ca. 103-80 Ma) and early Palaeogene (ca. 65-46 Ma) (Wen et al., 2008) . Collision of India and Eurasia occurred in the Eocene and subduction related magmatism ceased from ~ 47 Ma (St-Onge et al., 2010) .
The Ladakh Batholith, India, lies between the western margin of the modern Tibetan Plateau and the western Himalayan syntaxis. Morphological analyses indicate that the Ladakh region is characterised by widespread summit regions with low slopes (Jamieson et al., 2004; van der Beek et al., 2009) . The batholith has been studied in some detail; from its origin and the timing of crystallisation (Honegger et al., 1982; Rolland et al., 2002; Singh et al., 2007; St. Onge et al., 2010) to its emplacement (Jowhar, 2001; Singh et al., 2007) and exhumation history (Choubey, 1987; Kirstein et al., 2006; Kumar et al., 2007) making it an ideal location to investigate the thermal evolution of part of the potentially dissected plateau region and question the apparent regional steady and slow denudation since the Eocene. Previous models of emplacement and exhumation are complex and vary significantly. They include northwards tilting of the batholith , slow steady exhumation , rapid Early Miocene exhumation and south directed thrusting of the batholith along a northward dipping structure (Kirstein et al., 2006) and, southward tilting of the batholith in the Oligocene -Miocene (Kirstein et al., 2009) .
Amphiboles are increasingly used as geobarometers particularly for calc-alkaline rocks (e.g. Schmidt, 1992) to yield pressure and hence depth of emplacement estimates for plutonic rocks. The Al-in-hornblende barometer is specifically calibrated for the assemblage quartz + alkali feldspar + plagioclase + hornblende + biotite + iron oxide + titanite + melt + fluid (Schmidt, 1992; Anderson and Smith, 1995) and is ideal for application to the granites and granodiorites of Ladakh. Here we present new amphibole compositional data from five samples across the Ladakh Batholith and recalculate previously published depth of emplacement data (Jowhar, 2001; Singh et al., 2007) using the Al-in-hornblende equation of Anderson and Smith (1995) which incorporates the effect of temperature for samples of appropriate bulk mineral assemblage (Table 1, 2) .
As a result it is timely to present an inclusive model, which incorporates new emplacement depth calculations with available crystallisation and thermochronometry data so that the exhumation of the batholith from depth to the surface can be documented and integrated within the available tectonic framework.
Figure 1.
A. Digital elevation model of Himalayan region stretching from Afghanistan in the west to Bhutan in the east highlighting the spectacular change in relief from low lying Indian Plate (dark green) across the Himalayan mountain chain (yellow/white) and north into Eurasia. B. Sketch of principle structures in the region including from south to north the Main Boundary Thrust (MBT), Main Central Thrust (MCT), the Indus Suture Zone (ISZ) and the Shyok Suture Zone (SSZ). Dashed square indicates field area.
Geological setting
The calc-alkaline Andean-type Ladakh Batholith intrudes the Kohistan-Ladakh island arc terrane, which was sandwiched between Eurasia (the Karakoram terrane) and India during collision in the Paleogene (~50 Ma) (Fig. 1) . The Ladakh Batholith intrudes thick sedimentary units of Aptian-Albian age with minor limestones inter-layered in the upper parts with andesitic flows (Rolland et al., 2002) . The andesites form part of the Khardung Volcanic Formation (68-63 Ma) that dip 30-60° north-northeast and are locally deformed . The batholith is bound to the south by the Indus Suture Zone (ISZ) which mainly separates it from the deformed sedimentary successions of the Indus Molasse and the High Himalaya. The Indus River follows the suture zone in the region of interest. The southern margin of the batholith is commonly onlapped by Tertiary sedimentary rocks of the Indus Group thrust northwards since Miocene times (Garzanti and van Haver, 1988) . Where the molasse sits unconformably on the batholith the dip of this molassic strata is 30° S e.g. at Chumathang (St.-Onge et al., 2010) .
U-Pb crystallization ages range from 103 to 47 Ma and are similar across the Transhimalayan Batholith (Honegger et al., 1982; Singh et al., 2007; Ravikant et al., 2009; St-Onge et al., 2010) . Mid Cretaceous (Albian) ages have been measured in the region around Kargil (Honegger et al., 1982) (Fig. 1) . Recent U-Pb SHRIMP zircon age dating indicates major plutonism in the Ladakh region between 70 and 50 Ma Singh et al., 2007; Ravikant et al., 2009) . Sheeted dykes were intruded in the last phase of magmatic activity in the Eocene ~46 Ma (Sorkhabi et al., 1994; St-Onge et al., 2010) . Interestingly the limited number of samples from the batholith dated by U-Pb indicate that the Leh pluton is the youngest main magmatic phase (~50 Ma) with older U-Pb ages further north (~58-70 Ma) Ravikant et al., 2009 ). There may be an east-west gradient in crystallisation age with the oldest intrusions in the west (Honegger et al., 1982) .
The batholith is considered undeformed on a large scale but there is a diffuse deformation zone in the region north of Leh and a penetrative ductile shear fabric is developed within the Thanglasgo shear zone Jain et al., 2003) ( Fig. 2) . Mylonitized gneiss is evident along the Leh-Khardung La route along with discrete shear zones with sub-horizontal and listric thrusts showing SW vergence (Jain et al., 2003;  this study) suggesting some limited internal deformation.
Sampling and Petrology
We systematically sampled a region across the Ladakh Batholith to determine whether there was a clear spatio-temporal variation in emplacement history and thermal evolution. Twenty samples were collected from south to north across the region between 34.033°N 77.721 °E and 34.578°N 77.281°E (Fig. 1) . These included diorites, granodiorites and granites. All samples have a modal mineralogy of quartz + two feldspar ± amphibole ± biotite ± accessory phases (sphene, zircon, apatite) ± iron oxides (Fig. 3) . Where the igneous Al-in-hornblende geobarometer was applied the igneous buffering assemblage of quartz + alkali feldspar + plagioclase + hornblende + biotite ± Fe-oxides was identified for granodiorites and granites. 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 Igneous textures vary from medium-to coarse-grained and all samples are porphyritic to equigranular in nature (Fig. 3) . Plagioclase and alkali feldspar are ubiquitous. Quartz (10-40%) varies from subhedral to anhedral and commonly shows strained extinction. Graphic intergrowth of quartz and alkali feldspar is evident in some samples. Plagioclase (30-40%) is euhedral to subhedral. Occasional zoning is observed as well as polysynthetic twinning in some phenocrysts. In addition the alkali feldspars (5-20%) show microcline cross hatched twinning and perthite intergrowth textures. Sericitisation of the feldspars is common particularly in the cores. Amphibole which is mainly hornblende accounts for ~25-5% of the assemblage in samples where it is present. It is pleochroic, subhedral, occasionally twinned and commonly associated with titanite. Biotite (<10%) is the other common ferromagnesian mineral present and is euhedral and pleochroic (Fig. 3) . Occasionally it is intergrown with relict amphibole. Some alteration to chlorite is evident. Apatite and zircon have magmatic habits and are generally elongate with two terminations.
Results

Mineral analyses
Amphiboles from 5 samples across the Ladakh Batholith (Leh, Tikse, Nang, Khars and Disk (Fig. 2) ) were analysed using a CAMECA SX100 microprobe at the University of Edinburgh. Mineral analyses are presented in Table 1 . Cations were initially calculated on the basis of 23 oxygens and then recalculated to account for ferric iron. The measured amphibole compositional data are in excellent agreement with published data (Jowhar, 2001; Singh et al., 2007) (Fig. 3) . In the B (=M4) site Ca varies from 1.632 to 1.924 and Na from 0.071 to 0.367.
All are magnesio-hornblende/hornblende in composition (Fig. 3) with some iron enrichment and are similar in composition to those used in the empirical Al-in-hornblende geobarometer of Hammerstrom and Zen (1986) . All suitable new and published compositional data have been used to estimate emplacement depths across the Ladakh Batholith (Table 2 , Fig. 2 ).
Geobarometry and depth estimates
The geobarometer of Schmidt (1992) modified for the effect of temperature, which can greatly increase Al IV in hornblende (Anderson and Smith, 1995) , is applied here to samples from across the batholith. Using the equation of Anderson and Smith (1995) the pressure of crystallisation of the sampled Ladakh granites and granodiorites is estimated (Table 2) . Crystallisation temperatures for the Ladakh Batholith were recalculated using the amphibole -plagioclase thermometer of Blundy and Holland (1990) and the data of Jowhar Table 2 . The error bars on the pressure estimate reflect both the temperature uncertainty and within sample compositional variability.
The recalculated pressure and depth calculations from the studies of Jowhar, (2001) and Singh et al. (2007) vary from those previously published due to the temperature effect and the fact that Fe 2+ and Fe 3+ are calculated by charge balance and normalised amphibole composition to 13 cations. Samples with Na+Ca (M4) < 2.0±0.1 were not considered further due to potential alteration, this included LB17 . Note the position of sample LB18 could not be plotted as the co-ordinates provided (33°54.006', 77°46.891'; Singh et al., 2007) place the sample south of the Indus River. Finally only granodiorite/granite samples were included in the calculations since the geobarometers used are specifically calculated for these rock types (e.g. Hammerstrom and Zen, 1986) .
Average pressure estimates vary from 4.1 kbar to 1.7 kbar (Table 2) . Assuming the density of continental crust is 2.7 x 10 3 kg/m 3 emplacement depths of between ~15 and 6.5 km are estimated. Emplacement depth estimates decrease from ~15 -11 km at distances <10 km north of the Indus River to ~6.5 -9 km further north across the batholith (Fig. 2) . This suggests that the southern part of the batholith had more overlying rocks removed compared to the northern edge (Fig. 2) .
The denudation history experienced across the batholith has been determined in a separate study for these and other samples using multiple low temperature thermochronometers (Kirstein et al., 2006; . Here I summarise these data and other
published thermochronometry results to demonstrate a spatially and temporally heterogeneous evolution for the Ladakh Batholith.
Discussion
Cooling history of the Ladakh Batholith
Low temperature thermochronology studies of the Ladakh Batholith aimed at understanding its thermal evolution are increasing (Choubey, 1987; Sorkhabi et al., 1994 Ar -biotite, hornblende)
to ~55-80°C (apatite He) (Fig. 4) . Biotite and hornblende Ar-Ar cooling ages range from 52 to 44 Ma respectively Clift et al., 2002) (Fig. 4) . Fission-track dating of titanite yields an age range from 43-26 Ma, but mainly are in the range 30 ± 3 Ma (Choubey, 1987) (Fig. 4) Zircon fission-track (ZFT) data are limited, with ages from the Kargil and Chang La areas ( Fig. 1) indicating cooling from 46 -41 Ma (Sorkhabi et al., 1994; Kumar et al., 2007) , while ZFT ages from the Khardung and Lyoma regions are between 32 and 26 Ma (Kirstein et al., 2006; Kumar et al., 2007) (Fig. 4 ; 5). Zircon (U-Th)/He (ZHe) ages vary across the batholith, ranging from 31 Ma in the south to 14 Ma in the north (Kirstein et al., 2006; (Fig. 4) .
Apatite fission-track (AFT) ages are more extensive covering the region from Kargil to Chang La (Fig. 1) . AFT ages range from 44 to 5 Ma (Choubey, 1987; Sorkhabi et al., 1994; Clift et al., 2002; Schlup et al., 2003; Kirstein et al., 2006; Kumar et al., 2007) . The Pliocene ages are thought to be related to local shear related heating (Choubey, 1987 ). Yet, there remains an overall spread in single AFT ages from 44 to 6 Ma (Sorkhabi et al., 1994; Clift et al., 2002; Kirstein et al., 2006; Kumar et al., 2007) (Fig. 4) . Finally apatite (U-Th)/He (AHe) ages range from 22 to 12 Ma (Kirstein et al., 2006; . Combined these scattered data may suggest rapid regional cooling in the Eocene (52 -44 Ma) followed by slower cooling from the Late Eocene to present (Fig. 4) . However thermal modelling of available fission-track length data from the Ladakh Batholith suggests otherwise (Kirstein et al., 2006; .
Examining the exhumation history in detail results in a distinct geographic distribution of the low temperature thermochronometry ages being observed, with a systematic decrease in age with distance from the Indus River (Kirstein et al., 2009) (Table 3 (17-15 Ma) with more than 4 km of this material removed since ~7 Ma. However, along the southern margin < 2km of material has been removed since the Early Miocene (~19 Ma) (Fig.   4) . The original models of the exhumation of the Ladakh Batholith need to be revised in light of these new combined data sets spanning crustal depths of 15 to ~2 km. In particular simple northward tilting alone as proposed by the pressure data (this study ; Jowhar, 2001; Singh et al., 2007) is not sufficient to also explain the spread of the low temperature (2007); Open circles -this study. TSZ -Thansglasgo Shear Zone after . Chang La section stretches from LB15 to LB10. B. Calculated emplacement depths (from pressure data) plotted against distance north of the Indus River illustrating a clear geographic distribution with samples closer to the Indus River exhumed from greatest depth. Symbols as in 2A. , 2010) and combined with the Ar-Ar ages (52 -44 Ma) suggest rapid cooling in the Eocene. Note considerable array of ages for other thermochronometers including AFT dating. Closure temperatures based on summary in Reiners et al. (2005) . Selected individual data plotted for Chumathang (Choubey, 1987; St. Onge et al., 2010) , Leh (Clift et al., 2002; Kirstein et al., 2009; Schärer et al., 1984; , Khardung (Kirstein et al., 2006) and Kargil (Sorkhabi et al., 1994 ; U-Pb age 101 ± 2 Ma (Schärer et al., 1984) not plotted) to demonstrate geographic variability in cooling history. Error bars plotted for each analysis except where error is less than symbol size. Exhumation rates calculated assuming geothermal gradient of 30°C/km. . Zircon fission track data (grey boxes) indicating large variation in cooling ages from Eocene to Miocene (Kirstein et al. 2006; Kumar et al. (2007) . Filled sample Khars5245 dated at 26.2 Ma (Kirstein et al., 2006) ; Open squares dated at 41.7 Ma and 43.7 Ma . B. ZHe, AFT and AHe data from Kirstein et al. (2009) . Note the significant geographic distribution of ages, with ages for all low temperature thermochronometers decreasing with distance north of the Indus River (modified from Kirstein et al., 2009) . with uplift and erosion of the Ladakh-Kohistan arc (Najman and Garzanti, 2000) . This was followed by southwards tilting and subdued erosion of the southern margin. In the following section the potential impact of continent-continent collision and consequent thrust tectonics and crustal melting on the topography will be discussed to generate an integrated tectonic model of the phases of exhumation of the Ladakh Batholith since crystallisation.
Response to continent-continent collision
The timing of continental collision between India and Eurasia is well constrained in the NW Himalayas to be between 52 and 50 Ma which is co-incident with slowing down and erratic migration of the Indian Plate and the end of arc magmatism (Rowley, 1996; Treloar, 1997; . Once subduction of the Neotethys oceanic crust was complete and continent-continent collision commenced, calc-alkaline magmatism ceased forming the Ladakh Batholith. The youngest U-Pb crystallisation ages document this last intrusive episode near Leh to be 49.8 ± 0.8 Ma . The Indian
Plate has continued to move in a north-northeast direction at a rate of ~ 49 mm/year which has generated substantial crustal thickening and shortening both north and south of the ISZ (Treloar and Coward, 1991) . Crustal thickening has resulted in the formation and intrusion of the Mango Gusar, Masherbrum and Baltoro plutons in the Karakoram region since the Miocene (Parrish and Tirrul, 1989) . These plutons and the associated dykes highlight that this region was thermally anomalous with partial melt forming since ~ 25 Ma .
To the south of the ISZ, strain accommodation associated with the collision, and continued northward migration, of India with Eurasia has been accommodated in the Himalaya in a number of ways including crustal thickening and the development of major structures. The
Indus Group sediments south of the Ladakh Batholith are intensely deformed (Garzanti and van Haver, 1988; Clift et al., 2002) . Early S-or SW-directed thrusts are related to crustal thickening and back thrusting as a result of the overall dominant compressional tectonic forcing (Searle et al., 1990) . This early south-vergent phase of deformation was later overprinted by Miocene north-vergent deformation (Searle et al., 1990; Kirstein et al., 2006) .
The oldest south dipping faults in the Indus Molasse Chogdo Formation may be OligoMiocene in age (Cannat and Mascle, 1990; Mahéo et al., 2006) . Finally southwards thrusting of the Karakoram terrane over the batholith is recorded by activity on the Main Karakoram Thrust, which is a Late Miocene breakback thrust (Rex et al., 1988) .
Integrated tectonic model
The U-Pb crystallisation age of diorites and granodiorites from the southern and central part of the batholith vary, ranging between ~50 and 70 Ma Ravikant et al., 2009) (Fig. 4) . U-Pb crystallisation ages from Kargil are Cretaceous (~103 Ma; Honegger et al., 1982; Schärer et al., 1984) , but given the sparse distribution of samples no clear systematic U-Pb age trend is observed. The new Al-in-hornblende geobarometry data indicate that the granites and granodiorites were emplaced at variable depths from 15 to 6.5 km during this time interval. Granodiorite sample LB10 was emplaced at a depth of ~9 km between ~58 and 60 million years ago , prior to final collision of India. Ar-Ar thermochronometry in hornblende and biotite indicates postcollisional cooling of the Ladakh Batholith to < 350 °C between 52 and 44 Ma Clift et al., 2002) (Fig. 4) . This suggests rapid cooling of the batholith at a rate of ~21 °C/Myr (change in temperature = 900 -350°C; duration = 70 -44 Ma) in the early Cenozoic. Titanite fission-track and ZFT cooling ages vary from ~45 Ma to 26 Ma (Choubey, 1987; Sorkhabi et al., 1994; Kirstein et al., 2006; Kumar et al., 2007) and suggest that at least part of the batholith, at Kargil and Chang La, had cooled to <230° C in the Eocene (Fig. 4 ).
An extensive recent study by Kirstein et al. (2009) in the region near Khardung reveals that ZHe, AFT and AHe ages vary systematically, decreasing in age with distance north of the Indus River (and hence ISZ) ( Table 3 ).
Both the pressure of magma emplacement data and the low temperature thermochronometry data indicate asymmetry in the thermal history of the Ladakh Batholith. Initial topographic asymmetry may have resulted directly from collision of India with Eurasia. To the west, in
Kohistan, an entire section through the arc-crust is revealed with deep granulites, amphibolites and plutonic rocks through to surface volcanic rocks and sediments exposed sequentially with distance north of the Main Mantle Thrust (Fig. 1) . In Ladakh more than 8 km of material had been denuded from the southern margin and this part of the batholith was exhumed to within 2 km of the surface by ~18 Ma as revealed by AHe dating. In the central and northern parts less exhumation of the batholith had occurred at this time as ZHe and AFT ages vary from 25 to 6 Ma. By 12 Ma however, the central region had been exhumed to within 2 km of the surface while temperatures in the northern region were > 80°C until 6-7
Ma (Table 3) . More than 2 km of material has been removed from this northern region since late Miocene times.
Combining the new geobarometry data presented here with the available thermochronometry data the Ladakh Batholith appears to have been tilted northwards initially and later southwards so that exhumation was asymmetric. To account for this 'see-saw' activity a new tectonic model is described in which the geometry of the plates following collision, the development of steps in the décollement on the main thrust fault together with crustal melting and differences in lithospheric properties between the Indian and Eurasian
Plates played a significant role in the unroofing history of the batholith (Fig. 6 ). In this model, the batholith forms on the southern margin of Eurasia as a function of continued subduction of the Neotethys Ocean during the Early Cenozoic (Fig. 6a) . Sediments to the north of the batholith preserve evidence of shallow marine conditions in the Cretaceous suggesting accretion of the batholith to the southern Eurasian margin post Albian times (Ehiro et al., 2007 (30-60° NNE) of the Khardung Volcanic Formation (Fig. 6b) . The batholith formed a competent structural block and acted as a buttress with little internal deformation. Cooling of part of the batholith occurred to < 250 ° C by ~42 Ma. To the south of the ISZ minor backthrusts formed in shallow sediments on Indian crust. As collision progressed a step in the basal décollement potentially formed where there was a transition from relatively thin Indian continental crust and passive margin sediments to the thickened accreted island arc terrane (Fig. 6c) . Such a step is evident in modern seismic and magnetotelluric studies of the Ladakh region (Arora et al. 2007; Rai et al., 2009) . Using magnetotelluric data the ISZ has been imaged as a sub-vertical conductive structure, and to the north of the ISZ a north-dipping zone of low resistivity is imaged at the top of the underthrust Indian Plate consistent with fluids derived from underthrust sedimentary rocks (Arora et al., 2007) . High crustal seismic attenuation in the Ladakh and Karakoram regions may result from aqueous fluids and/or partially molten crust (Rai et al., 2009 ).
These geophysical surveys support the theory that the difference in lithology, density and crustal thickness between the Indian Plate, accreted island arc and the Karakoram terrane were important in the structural evolution of the region (Fig. 6c) . Space formed by tilting was filled by sediments and the batholith was pinned in the north by the thickened Karakoram terrane. A thrust-ramp geometry may have resulted and is consistent with the drainage morphology (short, steep profiles to the south; longer, less steep to the north). South-directed thrusts are evident in the Indus Group sediments (Chogdo and Sumda Formations) and are considered to be Oligo-Miocene in age (Mahéo et al., 2006) . These thrusts potentially facilitated exhumation of the batholith. Evidence of batholith erosion is preserved within the Choksti and Hemis conglomerates of the Indus Group sediments (Garzanti and van Haver, 1988) . The central part of the batholith was exhumed rapidly ~22 Ma when age invariant ZHe and AFT ages are recorded. This phase of rapid exhumation may be related to increased erosion coupled with southwards propagation of the crustal ramp.
Exhumation of the northern margin accelerated between 17 and 14 Ma. This unroofing may be related to further regional kinematic changes. From the middle Miocene leucogranite emplacement, uplift and exhumation of the Karakoram terrane is evident (Searle, 1996; Dunlap et al., 1998) . The initiation of south directed thrusting of the Karakoram terrane over the northern batholith margin occurred in the Late Miocene. The northern margin was exhumed rapidly since 6-7 Ma with 3-4 km of material removed since that time, whereas further south <2 km has been removed since ~12 Ma suggesting asymmetric exhumation of the region. 
